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Abstract Volcanic rocks of the Afyon province (eastern
part of western Anatolia) make up a multistage potassic and
ultrapotassic alkaline series dated from 14 to 12 Ma. The
early-stage Si-oversaturated volcanic rocks around the
Afyon city and further southward are trachyandesitic vol-
canic activity (14.23 ± 0.09 Ma). Late-stage Si-undersat-
urated volcanism in the southernmost part of the Afyon
volcanic province took place in three episodes inferred
from their stratigraphic relationships and ages. Melilite–
leucitites (11.50 ± 0.03 Ma), spotted trachyandesites, tep-
hryphonolites and lamproites (11.91 ± 0.13 Ma) formed in
the first episode; trachyandesites in the second episode and
finally phonotephrites, phonolite, basaltic trachyandesites
and nosean-bearing trachyandesites during the last episode.
The parameter Q [normative q-(ne ? lc ? kls ? ol)] of
western Anatolia volcanism clearly decreased southward
with time becoming zero in the time interval 10–15 Ma.
The magmatism experienced a sudden change in the extent
of Si saturation after 14 Ma, during late-stage volcanic
activity of Afyon volcanic province at around 12 Ma,
though there was some coexistence of Si-oversaturated and
Si-undersaturated magmas during the whole life of Afyon
volcanic province.
Keywords Afyon volcanic province  High-K
volcanism  Western Anatolia  Lamproite  Leucitite
Introduction
In the Tertiary western Anatolia, Turkey and the surrounding
areas have experienced extensive igneous activity. The
magmatism was spatially and temporally associated with
Late Cretaceous-Cenozoic convergence of Africa-derived
terrains with Eurasia, which resulted in the progressive clo-
sure of oceanic basins and series of collisional events. These
events resulted in the internal imbrication of the Menderes
Massif block and the southward overthrusting of the Lycian
nappes (Fig. 1), eventually leading to late Miocene exten-
sional tectonics and Menderes Massif uplift (S¸engo¨r et al.
1984; Yılmaz et al. 2000; Is¸ık et al. 2004; Ring and Collins
2005; C¸emen et al. 2006; Westaway 2006; Glodny and Hetzel
2007; Prelevic´ et al. 2012). During the postcollisional period,
potassic and ultrapotassic magmas were produced along with
calc-alkaline and crust-derived magmas in the western
Anatolia (Bozkurt 2001, 2003; Bozkurt and Mittwede 2005;
S¸engo¨r and Yılmaz 1981; S¸engo¨r et al. 1985).
One of the most interesting features of the western Ana-
tolian volcanism is the geochemical diversity of the volcanic
rocks, which is spatially and temporally controlled. Variable
K-enrichment, different extent of Si-saturation and extre-
mely variable isotopic and trace element compositions are
clearly coupled with southward younging of the volcanism
(Francalanci et al. 2000; Dilek and Altunkaynak 2007;
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Helvacı et al. 2009; Ersoy et al. 2010a; Prelevic´ et al. 2012).
The genesis and geodynamic implications of this magmatism
are still a matter of debate, but large-scale mantle-source
heterogeneity in its petrogenesis is widely accepted. North to
south variations in the geochemical characteristics are
believed to be the response to rolling back of Aegean slab,
movement of the slab window, a collapse of the over-
thickened Menderes Massif or as combination of these
events (e.g., S¸engo¨r et al. 1985; Spakman et al. 1988; Seyi-
tog˘lu and Scott 1996; Wortel and Spakman 2000; Rimmele´
et al. 2003; Faccenna et al. 2004; Glodny and Hetzel 2007;
van Hinsbergen et al. 2010; Biryol et al. 2011; Prelevic´ et al.
2012).
Time and space distribution of volcanism demonstrate
robust correlation with extent of silica saturation. Silica
saturation is traditionally used to define distinct parental
magmas and evolutional trends of basaltic melts (Yoder
and Tilley 1962), implying that no single magma under
equilibrium conditions could give rise to both oversatu-
rated and undersaturated basaltic trends. Therefore, silica
saturation of volcanic rocks may be source controlled and
has genetic significance in tracing the geodynamic attri-
bution, especially in postcollisional environments. In
the case of western Anatolian volcanism, it is shown that
the parameter Q [normative q-(ne ? lc ? kls ? ol)] that is
used as a measure of Si saturation clearly decreases
Fig. 1 Distribution of Neogene to Quaternary potassic–ultrapotassic
volcanic rocks within the western Anatolia. Tectonic zones of western
Anatolia are from Okay and Tu¨ysu¨z (1999). Distribution of the
volcanic rocks is modified from MTA 1/500,000 scale geological map
of Turkey. The summarized ages are from Borsi et al. (1972), Besang
et al. (1977), Pis¸kin (1980), Sunder (1980), Paton (1992), Ercan et al.
(1996), Seyitog˘lu et al. (1997), Aldanmaz et al. (2000), Ercan et al.
(2000), Helvacı and Alonso (2000), Robert and Montigny (2001),
Erku¨l et al. (2005), Purvis et al. (2005), Innocenti et al. (2005),
Westaway et al. (2005), Ersoy et al. (2008), Helvacı et al. (2009),
Ersoy et al. (2010b) and Karaog˘lu et al. (2010)
436 Int J Earth Sci (Geol Rundsch) (2013) 102:435–453
123
Fig. 2 a Na2O ? K2O versus
SiO2 diagram from Le Bas et al.
(1986) for volcanic rocks from
the study area. The dashed line
approximates the transition
between alkaline and
subalkaline series after Irvine
and Baragar (1971). Melilite
leucitite and lamproite analyses
are from Akal (2003, 2008,
respectively). b Si-saturation
index (normative
Q-(ne ? lc ? kls ? ol);
Peccerillo 2003) versus MgO of
Afyon lavas (this study).
c Si-saturation index [normative
Q-(ne ? lc ? kls ? ol)] versus
age of western Anatolian lavas
and early-stage lavas of Afyon
Volcanics. Data from Agostini
et al. (2008, 2010), Akal and
Helvacı (2000), Akal (2003,
2008), Alıcı et al. (1998), Aydar
et al. (1998), C¸oban and Flower
(2006), C¸oban and Flower
(2007), Ersoy et al. (2008,
2010a, b), Francalanci et al.
(2000), Karaog˘lu et al. (2010),
Kumral et al. (2006)
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southward with age (Fig. 2a); degree of Si saturation is
around zero in the time interval 10–15 Ma in the Afyon
region (Fig. 2b). More precise knowledge of the time
interval over which this change happened, and the manner
of this switch from Si oversaturation to Si undersaturation
is therefore essential. From that point of view, the strati-
graphic framework and age distributions of the volcanic
products in Afyon area have a special importance.
This paper is the first part of a comprehensive study of
rocks from the southern part of Afyon volcanic province.
Here, we present a detailed volcanic stratigraphy together
with Ar–Ar crystallization age determinations of minerals
belonging to different volcanic stages and episodes from
the Afyon volcanic province. Our aim is to trace the timing
and the manner of the switch from Si-oversaturated to
Si-undersaturated magmas. Our new data and data from
previous studies provide evidence for the sudden change in
the extent of Si saturation after 14 Ma. At approximately
12 Ma, coexistence of Si-oversaturated and Si-undersatu-
rated magmas is indicated for volcanic rocks across the
whole of the Afyon volcanic province.
Geological setting of Afyon province
The study area is located south of the Afyon city, classi-
cally considered a part of southward trending Kırka-Afyon-
Isparta alkaline volcanic district (Figs. 1, 2, 3). It occurs
between Ko¨rog˘lu caldera (Aydar et al. 1996, 2003) that
collapsed at *15 Ma (Aydar et al. 1998; Prelevic´ et al.
2012) in the north and Isparta-Go¨lcu¨k volcanic area in the
south where volcanism began with lamproites around 4 Ma
and terminated with trachytic rocks at the Go¨lcu¨k volcano,
at around 10 ka (Lefe`vre et al. 1983; Floyd et al. 1998;
Prelevic´ et al. 2012).
The Afyon volcanics unconformably overlie Paleozoic
and Mesozoic basement of the Afyon Metamorphic Zone
and Tauride Belt, which belongs to the Anatolide-Tauride
Block of Turkey (Figs. 4, 5). The various volcanic products
cover and intrude the sedimentary formations of the
northeastern portion of the western Tauride Belt, which
comprise the Geyik Dag˘ Unit and the Bozkır Unit (O¨zgu¨l
1984). The Geyik Dag˘ Unit is the autochthon of the Central
Taurides and consists of platform-type sediments of Lower
Paleozoic basement (Cambrian and Ordovician) and a
Mesozoic-Lower Tertiary made up largely of carbonates
(Go¨ncu¨og˘lu 1997; Go¨ncu¨og˘lu and Kozlu 2000; Erdog˘an
et al. 2004; Gu¨ngo¨r 2006; Gu¨rsu and Go¨ncu¨og˘lu 2006,
2007). The Bozkır Unit corresponding to the Beys¸ehir-
Hoyran-Hadim nappes defined by Poisson et al. (1984)
forms a me´lange of pelagic sediment, spilite, diabase and
ultramafic blocks of various ages between Upper Triassic
and Upper Cretaceous.
Analytical methods
Major elements of representative volcanic rock samples
from the Afyon volcanic province were analyzed by X-ray
fluorescence spectrometry (XRF) with an ARL8420 XRF
at the Geochemical Laboratories of Keele University,
England, calibrated against international and internal
standards. Details of methods, accuracy and precision are
given in Floyd and Castillo (1992).
40Ar/39Ar incremental heating experiments were con-
ducted on 3 samples of phlogopite and leucite phenocryst
separates at the IFM-GEOMAR Tephrochronology Labo-
ratory. After crushing and sieving, the particles were hand-
picked from the 100–300-lm-size fraction. Resulting
mineral separates and chips were cleaned using an ultra-
sonic disintegrator. Phenocrysts were then etched in 15 %
hydrofluoric acid for 10 min. Samples were neutron irra-
diated at the 5 MW reactor of the GKSS Reactor Center
(Geesthacht, Federal Republic of Germany), with crystals
and matrix chips in aluminum trays and irradiation cans
wrapped in 0.7-mm cadmium foil. Samples were step-
heated by laser. Purified gas samples were analyzed using a
MAP 216 noble gas mass spectrometer. Raw mass spec-
trometer peaks were corrected for mass discrimination, and
background and blank values determined every fifth anal-
ysis. The neutron flux was monitored using TCR sanidine
(Taylor Creek Rhyolite = 27.92 Ma; Dalrymple and
Duffield 1988) and internal standard SAN6165 (0.470 Ma;
Van den Bogaard 1995). Vertical variations in J values
were quantified by a cosine function fit. Lateral variations
in J were not detected. Corrections for interfering neutron
reactions on Ca and K are based on analyses of optical
grade CaF2 and high-purity K2SO4 salt crystals that were
irradiated together with the samples. Ages derived from
step-heating analyses are based on plateau portions of the
age spectra. Plateau regions generally comprise [50 % of
the 39Ar released and more than three consecutive heating
steps that yield the same ages (within 2r error).
Results of age determinations are presented in Table 2,
and complete age spectra are presented in Appendix 1 of
Electronic supplementary material. For all measurements,
we produced acceptable plateaus larger than 50 %, and in
most cases larger than 80 %. Plateau ages range from 14.7
to 11 Ma.
Results and discussion
The bulk rock major element compositions for the repre-
sentative samples are reported in Table 1. Two subgroups
are recognized according to their silica saturation [nor-
mative q-(ne ? lc ? kls ? ol)]: silica saturated to over-
saturated (Q-normative), and silica undersaturated
438 Int J Earth Sci (Geol Rundsch) (2013) 102:435–453
123
(feldspathoid-normative). The Q-normative rocks are
lamproites, basaltic trachyandesites and trachyandesites,
whereas feldspathoid-normative rocks span a large range
from phonotephrites, melilite–leucitites, latites and phon-
olites (Fig. 2a, b). Table 3 shows a summary of the pet-
rographical and geochemical characteristics of the volcanic
episodes around southern side of Afyon volcanic province.
Potassium enrichment is one of the most striking fea-
tures of Afyon volcanics. A number of high-MgO (5 %)
volcanic types are also K-enriched ([3 % K2O), indicating
that the potassium enrichment is related to the mantle
processes. The geochemical data are plotted on the total
alkali versus silica diagram (Le Bas et al. 1986) with
alkaline and subalkaline dividing line defined by Irvine and
Baragar (1971) (Fig. 2a). In this scheme, the Afyon vol-
canic province rock samples, taken from massive rocks
such as lava flows and domes, exhibit an alkaline major
oxide trend with their Na2O-2 \ K2O contents and range
in composition from leucitite, phonolite, phonotephrite,
basaltic trachyandesite (shoshonite) to trachyandesite
(latite). On the other hand, low MgO contents in the
samples do not support their primary character, being
evolved due to fractionation and/or assimilation. TiO2
contents of the all samples are \1.4 wt %, which are
characteristics of orogenic alkaline volcanic rock suites, as
described by Thompson (1997) and Robert et al. (1992).
The volcanic and volcaniclastic products of the high
K-alkaline eruptions cover approximately 200 km2
(Figs. 3, 4). Based on the detailed stratigraphic and age
determination studies of the volcanic rocks in the study
area, it is possible to divide them into two main volcanic
stages (early stage and late stage) in which lavas and vol-
canoclastic successions have been observed (Fig. 4).
Early-stage volcanism
Early-stage volcanism of the Afyon volcanic province is
represented by widespread trachyandesitic rocks and their
volcaniclastic products, underlain by the sedimentary for-
mations of the Tauride Belt. Around and within Afyon city
and further southward, several variably sized trachyandesitic
lava domes, plugs, subvolcanic stocks and laterally discon-
tinuous stubby lava flows cut their pyroclastic successions.
The ages of the lavas are reported by Besang et al. (1977):
Trachyte from Kılıc¸aslan-south of Afyon is 14.75 ± 0.3 Ma,
and latite–andesite from the west of Afyon is 13.6 ± 0.2 Ma
(Fig. 2). Our age determination of a trachyandesitic lava
dome, near Kayadibi location, using mica crystals (Table 2)
Fig. 3 Geological sketch map, main rock types and ages of the Afyon
calc-alkaline-alkaline volcanic district (western Anatolia). Dark lines
indicate tectonic zones of Anatolide-Tauride Block composed of
Afyon Zone of Anatolides and western Tauride Belt of Taurides
beneath the province (Okay and Tu¨ysu¨z 1999). Map is modified from
MTA 1/500,000 scale geological map of Turkey
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Fig. 4 Geological map of high-potassium volcanics and their volcaniclastics in the southern part of the Afyon volcanic province. The
stratigraphic columnar sections and explanations of the each small area marked on the map are given in Fig. 5
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shows 14.23 ± 0.09 Ma (mica age from the sample
‘‘06AF01’’). The early-stage products of the trachyandesitic
volcanic activity around Balc¸ıkhisar town and the Killimatan
Tepe location were partly covered by leucitite volcaniclastic
deposit of the late stage (Fig. 4b–f).
Late-stage volcanism
Products of the late-stage volcanism are divided into three
episodes based on their stratigraphic relationships and age
data. Melilite–leucitites, spotted trachyandesites, tephry-
phonolites and lamproites are first episode; trachyandesites
are second episodes, and phonotephrites, phonolite, basal-
tic trachyandesites and nosean-bearing trachyandesites are
last episode (Fig. 4).
First episode of late-stage volcanism
Volumetrically small lava domes and flows of the first-
episode volcanic activity cover sediments of the Tauride
Belt such as limestone, pebblestone, siltstone and shale and
are mainly overlain by leucitite volcaniclastic deposits.
Melilite–Leucitites were emplaced as domes and short
lava flows (11.50 ± 0.03 Ma; leucite crystals of the sample
‘‘05BH01’’). At Mes¸ebas¸ı and Go¨ktepe locations (Fig. 4b,
d), the dome-like emplacement mode and contact rela-
tionship with basement rock of the leucitite bodies are well
observed. Spotted trachyandesite is exposed as a small-
scale dome-shaped body, which crops out 4 km to the
south of the Balc¸ıkhisar town (Fig. 4e). The outcrop is
about 150 m 9 100 m over the basement limestones. The
grayish trachyandesite displays 2–10-cm-thick flow bands
orientated at high angles to vertical. These lavas are easily
distinguished by their spotted patterns, which are lighter
than the rest of matrix (Fig. 6b). The spots represent
spherical structures 5–10 mm in diameter. The flow folia-
tion and mineral lineation is defined by the long axes
of hornblende phenocrysts in a glassy matrix (Fig. 7b).
Tephriphonolite lava flows located 2 km south of the
Balc¸ıkhisar at the Okkakaya Tepe are exposed in an area of
Fig. 5 Generalized stratigraphic section of southern part of the Afyon volcanic province. Stratigraphic correlations of the volcanic succession,
which overlies sedimentary formation of the Tauride Belt. Section localities are shown in Fig. 4
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about 0.75 km2. They are up to 0.5 km in width and 2 km
long with a total flow thickness of up to 90 m. Tephri-
phonolitic volcanism has produced a small volcaniclastic
deposit that is observed as a thin layer in the southern part
of the investigation area (Fig. 6c). The tephriphonolitic
volcaniclastic deposit comprises crystal fragment-rich
volcaniclastic sandstone, which is divided into two differ-
ent horizons by a paleosol. At the lower part of phlogopite
and pyroxene crystal fragment-rich volcanic sandstone
(4 m thick), well-developed low-angle cross-bedding can
be easily distinguished. The tephriphonolitic volcaniclastic
deposits are covered by lava flows of tephriphonolite, and
leucitite volcaniclastic deposits (Fig. 4e) plus eruptive
volcaniclastic products of trachyandesitic volcanism (sec-
ond episode) overlying the leucitite volcaniclastic deposit.
The near-surface emplacement and relatively weak
subaerial eruptions of lamproite magma produce lava
flows, dykes and dome structures, inducing variation in
volume and textural features. As seen in Fig. 4d–g, the
lamproites are hosted and underlain by Mesozoic-to-Ter-
tiary sedimentary rocks of the Tauride Belt. The outcrops
are mainly covered by the leucitite volcaniclastic deposit
and the trachyandesitic pyroclastic succession. Around
Balc¸ıkhisar and I˙lyaslı, lamproite intrudes into early-stage
products of the trachyandesitic pyroclastic succession
(Figs. 4c–g, 5).
Table 2 40Ar/39Ar dating of volcanic rocks and cumulates from Afyon volcanic province
Sample Coordinates
(UTM/UPS)
Locality Rock type Mineral type Plateau
age (Ma)
Error ± (2r) MSWD 39Ar (%)
06AF01 36 S 0274049
E 4289520
Kayadibi Trachyandesite Mica 14.23 0.09 1.10 76.7
05IL03 36 S 0279493
E 4259632
I˙lyasli Lamproite Phlogopite 11.91 0.13 0.66 67.4
05BH01 36 S 0282567
E 4254578
Balc¸ıkhisar Melilite Leucitite Leucite 11.50 0.03 2.6 60.8
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flow














Trachyandesite Dome Fig. 8d -3 to 1.5 1.41–4.22 0.8–3.8 cpx, bt, sa,
pl, sph
cpx, bt, sa, pl, ap cpx, bt, sa,
pl
sph, qtz
Lamproite Dyke, dome Fig. 8e -14 to 1.8 4.29–8.01 4.5–5.9 cpx, rcht,
phl, sa,
ol
cpx, rcht, phl, ap cpx, rcht, ap cpx
Phonotephrite Dome, dyke,
lava flow
Fig. 8f -20 to -14 3.42–4.43 0.7–1 cpx, hbl,
bt/phl, pl
cpx, hbl, bt/phl pl,
sa, ap
cpx, pl qtz, ol
Phonolite Dome, rubble
lava flow
Fig. 8g -23 to -24 0.11–0.18 0.4 sa cpx, sa, nsn sa, ap
Basaltic
Trachyandesite
Dome Fig. 8h -12 to -8 3.37–3.77 0.4–1 cpx, hbl,
bt,






Dome Fig. 8i 0 1.63–1.76 1.3–1.5 cpx, hbl, pl cpx, hbl, sa, pl,
nsn, ap
pl, ap, nsn
ap apatite, Ba-feld barium feldspar, bt biotite, cpx clinopyroxene, let leucite, hbl hornblende, mel melilite, mlt melanite, ne nepheline, nsn nosean, ol
olivine, phl phlogopite, pl plagioclase, qtz quartz, rcht richterite, sa sanidine, sph sphene
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At the Okkakaya Tepe and Go¨ktepe locations, lava flows
of lamproite crop out in a relatively large area. The lam-
proitic lava flows cover sedimentary rocks of the Tauride
Belt and tephriphonolitic lava flows, covered by both
leucitite volcaniclastic deposit and the products of trachy-
andesitic pyroclastic succession. Lamproitic lavas partly
overlie the tephriphonolite lava flows at the Okkakaya. A
small-volume lamproitic lava flow is emplaced and
Fig. 6 Macroscopic properties of the volcanic rocks; a gray-dark
gray-colored leucitite lavas and euhedral leucite phenocryst in the
leucitite lavas at Mes¸ebas¸ı location, b spotted patterns are observed in
all parts of the lava, but spots are most pronounced at the lava surface,
due to the atmospheric weathering process, c gray-colored
tephriphonolitic lava flows and its volcaniclastics overlie paleosol,
d, e green-colored coarse-grained lamproite lava from the dome
showing onion-type skin weathering features, f flow lamination in
phonotephrite lavas
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Fig. 7 Micrographic textures
and mineralogical compositions






lamproite lava, f phonotephrite,
g phonolite, h basaltic
trachyandesite, i nosean-bearing
trachyandesite. Abbreviations
are given in Table 3
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Fig. 8 Characteristic field views of proximal (a), medial (b–e) and distal facies (f) of leucitite volcaniclastic deposit; g phlogopite ? clino-
pyroxene-rich cumulates in the volcaniclastic debris flow, h leucite ? clinopyroxene ? phlogopite ? melanite cumulate in the deposit
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exposed at Mursalini (4 km away from I˙lyaslı village). A
dyke is exposed near the Bahc¸egu¨ney Tepe with less
voluminous lava flows. In addition, the dome-like lam-
proite body is exposed between As¸ag˘ı I˙lyaslı and I˙lyaslı
villages. At I˙lyaslı, the dome-like intrusion and small-
volume crystalline lamproitic magma intruded the flysch
facies of the Tauride Belt where the early-stage products of
trachyandesitic volcanism occur as ignimbrite and debris
flow deposits. The lamproitic volcanism at Mursalini pro-
duced the lamproitic pyroclastic deposits, followed by
lamproitic lava flows. These products overlie a trachy-
andesitic ignimbrite of the early-stage volcanism. The
lamproitic lava flow intruded into unconsolidated wet
trachyandesitic ignimbrite, which resulted in the charac-
teristic feature of the peperitic breccia, jig-saw fitting
vesicular lava fragments due to very rapid cooling of a lava
lobe (Fig. 9a). The best-preserved lamproite lavas are
found at the Okkakaya Tepe and Go¨ktepe locations. Flow
types are variable: massive, vesicular with flow lamination,
flow breccias and fine-grained coherent lava flows. A
typical individual lava flow may contain flow lamination
with flow-foliated phlogopite phenocrysts and includes
coarse- to medium-grained massive parts. In the massive
part onion-type alterations are present (Fig. 6e). The lava
breccias at the top contain vesicular texture with vesicles
elongated in the flow direction. The crystallization age of
the lamproites is 11.91 ± 0.13 Ma (age from phlogopite
crystals from the sample ‘‘05IL03’’; Table 2) and is
essentially coeval with melilite–leucitites.
The leucitite volcaniclastic deposit is widespread in the
south and central part of the study area, covering approx-
imately 50 km2. The presence of abundant volcanic con-
glomerate consisting of angular to rounded leucitite lava
cobbles and boulders up to two meters in diameter, and the
absence of trachyandesitic volcanic fragments imply that
the volcaniclastic deposit is probably related to large-scale
leucitite-type activity, producing crystal fragment-rich
sandy matrix. The characteristic feature of the leucitite
volcaniclastic deposit is the presence of mafic mineral-rich
cumulates which mainly have the following mineralogy:
clinopyroxene, phlogopite, melanite, melilite, leucite,
perovskite, ilmenite, spinel and apatite (Fig. 8g, h).
Based on internal stratigraphy and its sedimentary
structures, the leucitite volcaniclastic deposit can be divi-
ded into three parts: proximal, medial and distal from
southern side to northern side of the study area (Table 3).
(1) The proximal part of the volcaniclastic deposit is
located in the southern part of the study area (probably
close to vent area) and covers the limestone unit of the
Tauride belt. It is characterized by a volcanic breccia
formed by large angular to subrounded leucitite lava
boulders and cobbles within sandy size matrix. The
deposits are dominantly clast-supported, although grain-
supported deposit is also subordinately observed (Fig. 8a).
The fragments of volcanic breccia consist of monolitho-
logic leucitite lava blocks, euhedral leucite, pyroxene,
phlogopite crystals and metasomatic cumulates. The
deposits are mainly disorganized and poorly sorted with
lack of bedding; (2) the medial part is characterized by
massive volcanic breccia/conglomerate and a massive to
stratified volcaniclastic sandstone association. The main
clast components of the deposit are leucitite lava fragments
and leucite crystals that are subrounded and clast-supported
in some levels of the deposit. The stratified volcaniclastic
sandstone may show very planar, erosional contact and
occasional channel structures at the base of volcanic
breccia (Fig. 8b); (3) the distal deposits, where the volca-
niclastic sandstone is massive, contains very sparse cobbles
(Fig. 8c). The volcaniclastic sandstone laterally grades to
distal deposits with up to 5-cm-thick sandstone showing
normal grading (Fig. 8d, e). The following major features
of the distal deposits distinguish them from the others
deposits: (1) the presence of the matrix and the breccia
forming are almost entirely grain supported, (2) the
absence of very large boulders in the deposits and (3) the
abundance of sand-sized fragments and their occasional
stratification. The distal deposits extend into the north-
eastern part of the study area and consist of well-bedded
sandstone composed of euhedral leucite crystals and minor
leucitite lava fragments up to a few centimeters in diam-
eter. Fine-grained volcaniclastic sandstone presents normal
grading within individual layers that are rich up to 10 cm in
thickness (Fig. 8f). The layers locally present erosional
channel surfaces.
The inner volcano-stratigraphic and sedimentary struc-
tures of the overall volcanoclastic deposit indicate the
extensive leucitite-type volcanic activity. Various clast
components belonging to leucitite volcanism, gradual
changes in stratification from disorganized to well-bedded
layers, grain size distribution from coarse- to fine-grained
facies and channel fill structures formed within medial and
proximal deposits are major evidence for sedimentary
reworking mechanism. The inner volcano-stratigraphy of
the volcaniclastic debris flow deposit indicates that prob-
able flow direction is from south to northeast in the study
area.
Fig. 9 Characteristic field views of trachyandesitic pyroclastic suc-
cession; a lamproitic peperites in trachyandesitic ignimbrite, b disor-
ganized pumice fragments, c flattened and glassy pumice fragments
(fiamme) in trachyandesitic welded ignimbrites, d the photomicro-
graph of the trachyandesitic welded ignimbrite; flatted pumices can be
distinguished by their dark color, e gas-escape pipes (elutriation
pipes) developed in non-welded ignimbrite, f cross-bedding and wavy
structure in the non-welded ignimbrite, g block-sag within surge
deposits, h volcanic bombs within non-welded trachyandesitic
ignimbrite
c
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Second episode of the late-stage volcanism
Products belonging to the second-episode volcanic activity
comprise a widespread trachyandesitic pyroclastic succes-
sion and late-stage lavas. The trachyandesitic volcanic rocks
mainly overlie a leucitite volcaniclastic deposit at the
southwestern part of the area (Fig. 4a–c). Phonotephritic
ignimbrites that belong to third episode overlie the trachy-
andesitic late-stage succession (Fig. 4c, d). Massive,
columnar jointed, rarely flow-banded trachyandesite lavas
are pink-gray, gray-light gray and light brown colored, which
are highly porphyritic (up to 20 % phenocrysts). The thick
and widespread trachyandesitic pyroclastic succession was
produced by multistage volcanic events. It covers an area
over 100 km2 and overlies the basement rocks of the Tauride
Belt and leucitite volcaniclastic deposit (Figs. 3, 4). The
trachyandesitic pyroclastic succession includes extensive
pyroclastic flow deposits. The succession comprises exten-
sive ignimbrite and associated surge and ash fall deposits
accumulated near the probable vent system, where several
trachyandesitic domes occur in the northwestern part of the
area. The ignimbrite facies is characterized by a massive
appearance and abundant equant pumice fragments (Fig. 9b).
The trachyandesitic ignimbrites occasionally show
intense welding textures that are distinguished by aligned,
flattened dark brown glassy pumice (fiamme) (Fig. 9c). In
thin sections welded ignimbrites present distinctive com-
paction and planar foliation and flattened pumice (Fig. 9d).
Welded ignimbrites present abrupt vertical transition to non-
welded trachyandesitic ignimbrite, which is distinguished
by vertical gas-escape pipes (elutriation pipes) due to the
compaction of the hot pyroclastic materials (Fig. 9e). The
surge deposits are distinguished by cross-bedding and
bomb-sag structures (Fig. 9f, g). The surge deposits are
intercalated with ash falls and occasionally contain volcanic
bombs (block-sag structures), indicating ballistic transport
(Fig. 9h).
Third episode of late-stage volcanism
The third episode and the last volcanic activity in the study
area produced phonotephritic, phonolitic, basaltic trachy-
andesitic and nosean-bearing trachyandesitic lava domes,
dykes and flows. The products of phonotephritic volcanism
are generally massive lava domes, lava flows and dykes
cutting and covering the phonotephritic ignimbrites
(Fig. 4c, d, f). Phonolitic, trachyandesitic and nosean-
bearing trachyandesite lavas cut and overlie the leucitite
volcaniclastic deposit, lacustrine limestone and phonote-
phritic ignimbrite, respectively (Fig. 4a).
Phonotephrite domes and lava flows are widespread and
crop out around the Killimatan Tepe (2,247 m), Go¨ktepe
(1,973 m), Karatepe (1,686 m) and Bahc¸egu¨ney Tepe
(1,460 m). The lavas mainly extend about 8 km distance
in a NE direction from the eruption centers located near
Kilimatan Tepe (Fig. 4). The products of phonotephritic
volcanism, which is one of the last volcanic phases of
activity in the study area, are generally found as massive
lava domes, lava flows and dykes, cutting and covering
phonotephritic ignimbrite as seen from the stratigraphic
sections (Fig. 4c–f). The main eruption centers of volca-
nism are located around the Killimatan Tepe and a small
one around Karatepe, where lava domes and dykes can be
distinguished. The thickness of the lava flows can reach up
to 50 m. Phonotephritic lava flows are mainly composed of
gray-dark gray-colored massive and vesicular lavas with
well-observed porphyritic textures in which the pheno-
crysts are mainly pyroxene, mica and rare hornblende. The
upper part of the lava flows and outer surface of the blocks
include weak flow foliation planes and irregular shaped
vesicles. Flow banding is defined by light and dark gray
thin laminations (Fig. 6f).
The products of the final phase of volcanic activity in
the study area also produced a phonolitic and trachyande-
sitic lava dome, which are located around the Killimatan
Tepe in the western part of the area (Fig. 4). The phonolitic
lava dome forms the highest aspect morphology of Dev-
kaya Tepe, which intrudes and overlies the leucitite vol-
caniclastic deposit, lacustrine limestone and phonotephritic
ignimbrite, respectively. The phonolite lava dome has
conical-shaped outcrop with 625 m width and 725 m
length, whereas exposures of basaltic trachyandesite occur
as small dome-shaped extrusion (about 150 m in diameter).
The phonolite is observed as a lava dome that laterally
passes discontinues rubble lava flow. The phonolite dome
has a porphyritic texture, and at the periphery, it passes into
a glassy to fine-grained texture. At the northeastern flank of
the Devkaya Tepe, basaltic trachyandesite lavas intrude the
massive lava flows of the phonolite as small dome-like
bodies as presenting a sharp contact with the phonolitic
lavas. Trachyandesitic lavas do not show flow lamination,
and their color is generally light gray to gray. Nosean-
bearing trachyandesite is exposed in the northwest of
Yıprak village, toward the southern part of the study area.
It forms a lava dome, with high relief morphology as a
small hill on the flat surface of the basement being exposed
in a limited area (125 m wide, 175 m length and approx-
imately 40 m high). It cuts and covers leucitite volcani-
clastic deposit.
Phonotephritic ignimbrite is the youngest volcanic
product in the area. The ignimbrite mainly overlies the
trachyandesitic pyroclastic succession and leucitite volca-
niclastic deposit, but at the Devekaya Tepe and Killimatan
Tepe, the sequence is underlain by shallow lacustrine (such
as limestone) sedimentary rocks. Phonotephritic ignimbrite
is exposed along the northeast flanks of the eruption
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centers, and the eruptive products cover approximately
21 km2 within the mapped area. The aerial distribution of
the phonotephritic ignimbrite is estimated to be about
50 km2 or probably more. The succession is locally quite
thick with an estimated average thickness of 150 m, but
depends upon topography and degree of erosion. The
succession is 10–30 m thick in the distal parts, such as
around Go¨ktepe. The characteristic stratigraphic sections of
the phonotephritic ignimbrite succession are well observed
around Tokluk–Killimatan Tepe and Karatepe. The
ignimbrite succession is composed of fine-grained clino-
pyroxene, plagioclase, sanidine crystal fragments and fine-
grained volcanic rock fragments, supported by a fine-
grained sandy and primary carbonate matrix.
The lower part of the phonotephritic ignimbrite is
composed of reverse-graded pumice-rich and laminated
volcanic sandstone-mud and silt alternations that are int-
erbedded with shallow lacustrine sedimentary rocks
(lacustrine limestone, marlstone). These deposits are
overlain by volcanic sandstones with intercalated pumice-
bearing layers that are supported by a carbonate matrix.
The base of the succession consists of massive non-graded,
volcanic lithics, metamorphic clasts, abundant limestone
clasts and a crystal fragment-rich level. The middle levels
of the succession consist of fine-crystal fragments and fine-
grained limestone clast-bearing layers supported by a fine-
grained sandy matrix. This part of the succession is defined
by crystal-rich, planar to low-angle cross-stratified layers
and gas segregation structure-bearing layers.
Summary and conclusions
In summary, magmatism in the Afyon volcanic area in
western Anatolia produced a temporal continuum from
Si-oversaturated to Si-undersaturated products that mimic
change from calc-alkaline to ultrapotassic character.
Within the time range from around 14 to 12 Ma, Afyon
volcanism shows temporal change coupled with geo-
chemical variation, most specifically in terms of the extent
of Si saturation. Our data show that the products of the
early-stage (around 14 Ma) volcanics located around and
more southward of the Afyon are completely Si oversatu-
rated. The main change happened during voluminous vol-
canism, which shifted further southward away from Afyon
city (Fig. 3) over three major volcanic episodes of late-
stage activity around 12 Ma. The first volcanic episode,
corresponding to late-stage activity, was characterized
by the emplacement of small lava domes and flows of
melilite–leucitite, lamproite, spotted trachyandesite and
tephriphonolite at the south of the Afyon volcanic prov-
ince. The Si-oversaturated volcanics of the early-stage
activity and the lamproitic lava flows of late-stage volcanic
products (first episode) are covered by a leucitite volcani-
clastic deposit. This volcanic episode was followed by
trachyandesitic volcanism at the north of the volcanic
province. The trachyandesitic volcanoes produced exten-
sive pyroclastic flow deposits, extruded explosively due to
the very high volatile content in magma. The succession
was deposited from pyroclastic flows emplaced in subaerial
and subaqueous environments.
The upper limit of the second-episode volcanism is
constrained by the lacustrine sedimentary rocks overlying
the trachyandesitic products. Lacustrine sedimentary rocks
overlie both of the trachyandesitic pyroclastic succession
and the leucitite volcaniclastic deposit. The lacustrine
sediments gradationally interfinger with the phonotephritic
ignimbrite belonging to the third- and last-episode volcanic
activity of the Afyon volcanic province. The volcanic
activity ended by the emplacement of phonotephritic,
phonolitic, basaltic trachyandesitic and nosean-bearing
trachyandesitic lava domes, dykes and flows, which cut and
cover previous volcanic successions.
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